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Description 

1 . Field of the Invention 

The present invention relates to an apparatus 
for driving a piezoelectric element which is used as 
a fuel injection valve of a gasoline engine, a diesel 
engine, or the like. 

2. Description of the Related Art 

A high response characteristic piezoelectric 
element is applicable to an actuator of a fuel injec- 
tion apparatus of a gasoline engine, a diesel en- 
gine, and the like (see: Unexamined Japanese Pat- 
ent Publication (Kokai) Nos. 60-249877 and 62- 
17338). For example, in a fuel injection apparatus, 
a pressure chamber is linked to a controlled fuel 
passage, and a needle as a valve member is 
provided therebetween. Fuel is supplied from the 
controlled fuel passage, via a clearance of the 
needle, to the pressure chamber, and further, fuel 
is leaked from the pressure chamber, via the 
above-mentioned clearance, to the controlled fuel 
passage. In this fuel injection apparatus, a piezo- 
electric element is provided to expand and contract 
a volume of the pressure chamber, thereby closing 
and opening the needle. In the prior art, if this 
piezoelectric element is expanded and contracted 
by applying a positive voltage and a negative volt- 
age thereto, respectively, a definite positive voltage 
is applied to the piezoelectric element to expand it, 
i.e., contract the volume of the pressure chamber, 
thereby closing the needle, and a definite negative 
voltage is applied to the piezoelectric element to 
contract it, i.e., expand the volume of the pressure 
chamber, thereby opening the needle. An appara- 
tus for driving a piezoelectric element of such a 
pressure chamber is e.g. known from US-A-4 644 
212. 

In the above-mentioned prior art method for 
driving the piezoelectric element, however, if an 
opening state of the needle is very short, a large 
closing force cannot be generated at the needle, 
which may cause a secondary opening, such as a 
secondary injection, during a closing state, which 
will be later explained in more detail. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is 
to increase a closing force of the needle (valve 
member) during a closing state even when an 
opening time is short. 

According to the present invention, in an ap- 
paratus for driving a piezoelectric element to close 
and open a valve member by expanding and con- 
tracting a volume of a pressure chamber, at an 



initial stage of a closing state of the valve member 
a higher voltage than a conventional charging volt- 
age or a lower voltage than a conventional dis- 
charging voltage is applied to the piezoelectric 
5 element, to thus create an initial large closing force 
in the valve member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

io The present invention will be more clearly un- 

derstood from the description as set forth below, 
with reference to the accompanying drawings, 
wherein: 

Fig. 1 is a longitudinal cross-sectional view illus- 
75 trating an example of a fuel injection apparatus 
where a piezoelectric element is used as an 
actuator; 

Figs. 2A and 2B are diagrams schematically 
showing the operation of the apparatus of Fig. 1 ; 

20 Figs. 3A, 3B, 4A, and 4B are timing diagrams 
showing the operation of the apparatus of Fig. 1 ; 
Fig. 5 is a circuit diagram schematically illustrat- 
ing a basic configuration of an apparatus for 
driving an piezoelectric element according to the 

25 present invention; 

Figs. 6A and 6B are timing diagrams showing 
the operation of the circuit of Fig. 5; 
Fig. 7 is a circuit diagram illustrating a first em- 
bodiment of the apparatus for driving a pie20- 

30 electric element according to the present inven- 
tion; 

Figs. 8A through 8D are timing diagrams show- 
ing the operation of the circuit of Fig. 7; 
Figs. 9A, 9B, and 9C are diagrams showing the 
35 states of the fuel injection apparatus of Fig. 1 
obtained by the operation of the circuit of Fig. 7; 
Fig. 10 is a circuit diagram showing a modifica- 
tion of Fig. 7; 

Fig. 11 is a circuit diagram illustrating a second 
40 embodiment of the apparatus for driving a pi- 
ezoelectric element according to the present 
invention; and, 

Figs. 12A through 12D are timing diagrams 
showing the operation of the circuit of Fig. 1 1 . 

45 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First, a fuel injection apparatus according to the 
50 present invention, to which an apparatus for driving 
a piezoelectric element is applied, will be explained 
with reference to Fig. 1. That is, in Fig. 1, reference 
101 indicates a nozzle body having an injection 
hole 102 in a pointed end thereof, and a needle 
55 (valve member) 103 is inserted into the nozzle 
body 101 to open and close the injection hole 102. 
The nozzle body 101 is fitted into a body 104, and 
fuel is supplied from a fuel inlet 105, a fuel pas- 
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sage 107 having a blind plug 106, a fuel passage 
108, a fuel accumulating chamber 109, and a pres- 
sure accumulating chamber 110, to the injection 
hole 102. A tapered pressure suscepter 111 is 
formed in the needle 103, and when a fuel pres- 
sure is applied to the pressure suscepter 111, the 
needle 103 moves in the valve opening direction. 
The fuel accumulating chamber 109 is formed ar- 
ound the pressure suscepter 111. Formed between 
the upper portion of the needle 103 and the inner 
surface of the nozzle body 101 is a small clearance 

112 through which fuel is supplied from the fuel 
accumulating chamber 109 to a pressure chamber 

113 formed above the chamber 109. The pressure 
chamber 113 is located between a lower end of a 
piston 114 and a upper end of the body 104, and a 
fuel pressure within the pressure chamber 113 
serves as a force for moving the needle 103 up 
and down. The piston 114 is slidably mounted 
within a case 115 and is pushed up by a dish 
spring 116. Provided within the case 115 is an 
electroexpansive actuator 118 having an exten- 
sive/contractive laminated piezoelectric element 
117. Also, a distance piece 119 is provided below 
the pressure chamber 111 to define and hold an 
opening position of the needle 103. For this pur- 
pose, a smaller opening than the perpendicular 
direction area of the pressure suscepter face 111 is 
provided in the distance piece 119. 

In the fuel injection apparatus of Fig. 1, fuel is 
supplied, via the fuel inlet 105 and the fuel pas- 
sages 107 and 108, to the fuel accumulating cham- 
ber 109, and is further supplied, via the clearance 
1 12, to the pressure chamber 113 and the pressure 
accumulating chamber 110 on the side of the injec- 
tion hole 12. 

A closing state and an opening state of the fuel 
injection apparatus of Fig. 1 will be explained with 
reference to Figs. 2A and 2B. Namely, when the 
piezoelectric element 117 is expanded, the pres- 
sure Pi of the pressure chamber 113 is rapidly 
increased to force the needle 103 down, and as a 
result, the pressure Pi of the pressure chamber 
113 is reduced. As shown in Fig. 2A t in a closing 
state wherein the needle 103 closes the injection 
hole 102, a downward force received by the needle 
103 is expressed as, 

Pi x Ai 

where Ai is an upper area of the needle 103, 
and an upward force received by the needle 103 is 
expressed as, 

P 2 x A2 

where P 2 is a predetermined pressure of fuel, 
such as 200 kg/cm 2 , at the fuel inlet 105 from the 



fuel supply passage (not shown), and As is an 
effective longitudinal area of the pressure suscep- 
ter 1 1 1 . Therefore, since A1 > A2, then 

5 Pi x At > P 2 x A2, 

even when P^ ~ P 2 , whereby a closing state 
of the needle 103 is maintained. On the other hand, 
when the piezoelectric element 117 is contracted, 

10 the pressure Pi of the pressure chamber 113 is 
rapidly reduced to allow the needle 103 to move 
upward, and accordingly, the pressure Pi of the 
pressure chamber 113 is increased. As shown in 
Fig. 2B, in a opening state of the needle 103, a 

75 downward force received by the needle 103 is 
expressed as, 

P2XA1' 

20 where A1' is an area of an opening of the 

distance piece 119, and an upward force received 
by the needle 103 is expressed as, 

Pi xA 2 ' 

25 

where Az' is an lower effective longitudinal area 
of the needfe 103 including the pressure suscepter 
111, i.e., the upper effective area A1 . of the needle 
103. Therefore, since A1 < A2 ( = Ai), 

30 

Pi x Ai'> P 2 xV 

even when Pi = P 2 , and thus an opening state of 
the needle 103 is maintained. 
35 Accordingly, when the piezoelectric element 

117 is contracted, the needle 103 is forced upward 
by the fuel pressure received by the pressure 
suscepter 111, whereby the needle 103 allows an 
injection of fuel from the injection hole 102. Con- 

40 versely, when the piezoelectric element 117 is ex- 
panded, the pressure of the pressure chamber 113 
is increased to force the needle 1 03 down, so that 
the needle 103 is closed to complete the injection. 
Although the expansional contraction of the pi- 

45 ezoelectric element 117 contributes to the de- 
scent/ascent of the needle 103, a closing force of 
the needle 103 is dependent upon the leakage 
amount from the pressure chamber 113 due to the 
expansion of the piezoelectric element 117, and an 

so opening force of the needle 103 is dependent upon 
the fuel inflow amount to the pressure chamber 113 
due to the contraction of the piezoelectric element 
117. To carry out this leakage and inflow of fuel, 
flow, the volume V1 of the pressure chamber 113, 

55 including a space of an upper portion of the needle 
103 of Fig. 2A and the volume V 2 of the pressure 
chamber 113 of Fig. 2B satisfy: 
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Vi <v 2 . 

For this purpose, the change of the volume of the 
pressure chamber 113 due to the expan- 
sion/contraction of the piezoelectric element 117 is 
made larger than that due to the ascent/descent of 
the needle 103. 

In the prior art, to drive the fuel injection ap- 
paratus of Fig. 1, a voltage V P2T as shown in Figs. 
3A, 3B, 4A, 4B is applied to the piezoelectric 
element 1 1 7. Here it is assumed that the piezoelec- 
tric element 117 is expanded by applying a posi- 
tive voltage thereto, and that the piezoelectric ele- 
ment 117 is contracted by applying a negative 
voltage thereto. 

The point at which a closing time and an 
opening time are both sufficiently long is illustrated 
in Fig. 3A and 3B. Namely, when the voltage V PET 
applied to the piezoelectric element 117 is +500 
V, the piezoelectric element 117 is expanded as 
shown in Fig. 3A, so that the needle 103 is in a 
closing state. In this case, fuel in the pressure 
chamber 1 1 3 is leaked via the clearance 1 12 of the 
needle 1 03, and finally, at a time ti , the pressure 
Pi of the pressure chamber 113 becomes equal to 
the pressure P 2 (200 kg/cm 2 ) of the fuel accumulat- 
ing chamber 109. At this time, the volume of the 
pressure chamber 113 is Vt , as indicated in Fig. 
2A. Next, at a time ti , when the voltage V P2T 
applied to the piezoelectric element 117 is 
changed from +500 V to -200 V, the piezoelectric 
element 1 1 7 is contracted so that the pressure Pi 
of the pressure chamber 113 is rapidly decreased. 
As a result, Pi < P 2 , and this difference P 2 - Pi 
contributes to a propulsive force of the needle 103. 
Therefore, the needle 1 03 moves upward as shown 
in Fig. 2B. At this time, the pressure Pi in the 
pressure chamber 113 rapidly approaches the rail 
pressure P2 , but the upper position of the needle 
103 is confined by the distance piece 119 so that 
Pi is maintained immediately before the rail pres- 
sure P 2 . At this time, the volume of the pressure 
chamber 113 is still almost VV Thereafter, fuel is 
allowed to flow via the clearance 112 to the pres- 
sure chamber 113, so that Pi gradually approaches 
the rail pressure P 2 , and accordingly, the volume 
of the pressure chamber 113 is gradually changed 
from V1 to V 2 . Finally, at a time t 2 , Pi = P 2 , and 
the volume of the pressure chamber 113 is V 2 . 
Namely, while fuel is supplied to the pressure 
chamber 113 and the volume thereof is changed 
from V1 to V 2 , the pressure P A of the pressure 
chamber 113 is smaller than the rail pressure P, 
thus creating a large opening force at the needle 
103. 

Next, at a time t 2 , when the voltage V P2T 
applied to the piezoelectric element 117 is 
changed from -200 V to +500 V, the piezoelectric 



element 117 is expanded so that the pressure Pi 
of the pressure chamber 113 is rapidly increased. 
As a result Pi > P 2 , and this difference; Pi - P 2 
contributes to a propulsive force at the needle 103. 

5 Therefore, the needle 103 is moved down as 
shown in Fig. 2B. At this time, the pressure Pi of 
the pressure chamber 113 rapidly approaches the 
rail pressure P 2 , but the lower position of the 
needle 103 is confined by the injection hole 102 so 

70 that Pi is maintained immediately before the rail 
pressure P 2 . At this time, the volume of the pres- 
sure chamber 113 is still almost V 2 . Thereafter, fuel 
is allowed to flow via the clearance 112 from the 
pressure chamber 113, so that Pi gradually ap- 

75 proaches the rail pressure P 2 , and accordingly, the 
volume of the pressure chamber 113 is gradually 
changed from V 2 to Vi . Finally, P 1 = P 2 , and the 
volume of the pressure chamber 113 is Vi , Name- 
ly, while fuel is leaked and the volume is changed 

20 from V 2 to Vt , the pressure P, in the pressure 
chamber 113 is larger than the rail pressure P 2 
thus creating a large closing force at the needle 
103. 

Therefore, when a closing time and an opening 
25 time are both sufficiently large, the inflow of fuel to 
the pressure chamber 113 and the leakage of fuel 
from the pressure chamber 113 are as required, 
thus obtaining a large needle, closing force and a 
large needle opening force. 
30 In a fuel injection, however, an opening time 

(injection time) is much smaller than a closing time, 
and in this case, the driving state is as illustrated in 
Figs. 4A and 4B. Namely, during a long closing 
time, fuel at the pressure chamber 113 is com- 
35 pletely leaked via the clearance 112 of the needle 
103, and at an end timing ti of this closing time Pi 
~ P 2 . Contrary to this, during a short opening time, 
a predetermined rail pressure P 2 is always op- 
erated at the fuel inlet 105, and the inflow of fuel 
40 via the clearance 112 to the pressure chamber 113 
is not sufficient. Therefore, even at an end timing k 
of an opening time, Pi (chamber) < P 2 . In an 
extreme case, the volume of the pressure chamber 
113 is close to Vi Therefore, at a time t2 f when the 
45 applied voltage V PZT is changed from -200 V to 
+ 500 V, a propulsive force is generated at the 
needle 103, but since the volume of the pressure 
chamber 113 immediately after the needle 103 
moves down is almost Vi , the Pi of the pressure 
so chamber 113 immediately after the descent of the 
needle 103 is almost P 2 . Namely, even when a 
large voltage is applied to the piezoelectric element 
117 to close the needle 103, the fuel inflow amount 
is small during a short opening time. Therefore, 
55 after the needle 103 is closed, the leakage of fuel 
is almost zero, and thus the Pi of the pressure 
chamber 113 is returned immediately to rail pres- 
sure P 2 . 
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Therefore, when a piezoelectric element is ap- 
plied to a fuel injection apparatus having a short 
opening time, a large needle closing force can not 
be obtained, and accordingly, the needle 117 is 
forced upward due to a pressure wave by a water s 
pulsive operation after the closing of the needle 
103, thereby inviting a secondary injection. 

In Fig. 5, which illustrates a basic configuration 
for driving the piezoelectric element according to 
the present invention, a charging switching means 10 
B receives a DC output of a high DC voltage 
generating means A, to apply a high DC voltage to 
the piezoelectric element 117, and a discharging 
switching mean C discharges the piezoelectric ele- 
ment 117. In Fig. 5, a voltage gradually-decreasing 15 
means D or a voltage gradually-increasing means 
E is provided. If the piezoelectric element 117 is 
charged, so that a closing force is generated at the 
needle 103, the voltage gradually-decreasing 
means D is provided. In this case, the discharging 20 
switching means A charges the piezoelectric ele- 
ment 117 by a high voltage of the high voltage 
generating means A to apply a predetermined volt- 
age such as 600 V the piezoelectric element 1 1 7. 
The voltage gradually-decreasing means D applies 25 
the initial voltage 600 V to the piezoelectric ele- 
ment 117, and thereafter, gradually decreases this 
voltage from 600 V to a predetermined voltage 
such as 500 V. 

The discharging switching means C discharges 30 
charges of the piezoelectric element 117. 

Next, if the piezoelectric element 117 is dis- 
charged, so that a closing force is generated at the 
needle 103, the voltage gradually-increasing means 
E is provided. That is, the discharging switching 35 
means C discharges charges of piezoelectric ele- 
ment to make a voltage of the piezoelectric ele- 
ment 117 a first predetermined voltage such as 
-300 V. The voltage gradually-increasing means E 
applies the initial voltage -300 V to the piezoelec- 40 
trie element 117, and thereafter, gradually in- 
creases this voltage from -300 V to a predeter- 
mined voltage such as -200 V. 

The operation of the apparatus of Fig. 5 pro- 
vided with the voltage gradually-decreasing means 45 
D is shown in Fig. 6A, and the operation of the 
apparatus of Fig. 5 provided with the voltage 
gradually-increasing means E is shown in Fig. BB. 
In both cases, an opening time is very short. 
At an end timing of a closing time, as shown in so 
Fig. 6A, it is assumed that the piezoelectric ele- 
ment 117 has an expansion corresponding to 500 
V, and the volume of the pressure chamber 113 is 
V1 as indicated in Fig. 10(A). An opening valve 
time is short, and therefore, the inlet of fuel is 55 
almost zero. At an end time of the opening time, 
even when 500 V is applied to the piezoelectric 
element 117, the volume of the pressure chamber 



113 is almost Vi and Pi (chamber) is almost the 
rail pressure P 2 , but as illustrated in Fig. 6A, a 
higher charging voltage + 600 V is applied to the 
piezoelectric element 117 at an initial stage of the 
closing time, so that the amount of expansion of 
the piezoelectric element 117 in the closing direc- 
tion of the needle 103 is larger than the amount of 
contraction of the piezoelectric element 117 in the 
opening direction of the needle 103. As a result, a 
larger closing force is generated at the needle 103. 
A secondary opening occurs simultaneously when 
the needle 103 is closed, and such a larger closing 
force becomes unnecessary after the closing of the 
needle 103. Therefore, the applied voltage V PZT is 
gradually changed from +600 V to +500 V. During 
a relatively long closing time, the needle 103 is 
remains in a closing state, due to the construction 
thereof, even when Pi = P 2 . 

Similarly, in Fig. 6B, a larger discharging volt- 
age -300 V is applied to the piezoelectric element 
117 at an initial stage of the closing time, so that 
the amount of expansion of the piezoelectric ele- 
ment 117 in the closing direction of the needle 103 
is larger than the amount of contraction of the 
piezoelectric element 117 in the opening direction 
of the needle 103. As a result, a larger closing 
force is generated at the needle 103. 

At an initial stage of a closing time, even when 
a larger voltage ( + 600 V) or a smaller voltage (- 
300 V) is applied to the piezoelectric element 117, 
there is little leakage of fuel from the pressure 
chamber 113. For this purpose, when the above- 
mentioned voltage +600 or -300 is returned imme- 
diately to + 500 or -200 V, Pt of the pressure 
chamber 113 becomes lower than the rail pressure 
P2 , to make it difficult to maintain a closing state 
per se. For this purpose, a gradual change of the 
voltage is carried out by the voltage gradually- 
decreasing means D or the voltage gradually-in- 
creasing means E. In Rg. 7, which illustrates a first 
embodiment of the driving apparatus of a piezo- 
electric element according to the present invention, 
it is assumed that, when the piezoelectric element 
117 is charged, the element 117 is expanded to 
carry out a closing operation. Reference 1 des- 
ignates a 12 V battery which supplies power via an 
ignition switch 2 to a high DC voltage generating 
circuit 3. This high DC voltage generating circuit 3 
converts the battery voltage 12 V into a voltage of 
300 V or the like, and applies it to a condenser 4. 

The high DC voltage generating circuit 3 is 
formed by a high frequency oscillation circuit 31, a 
step-up transformer 32 as a step-up circuit, a tran- 
sistor 33 for turning ON and OFF the primary coil 
of the step-up transformer 32, and a diode 34 for 
supplying a positive voltage generated in the sec- 
ondary coil of the step-up transformer 3a to a 
condenser 4. 
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Also, a thyristor 51 and a coil 52 are provided 
as a charging switching circuit 5, and a thyristor 61 
and a coil 62 are provided as a discharging circuit 
6. The thyristor 51 is turned ON by a closing 
ignition signal (pulse) Si , and the thyristor 61 is 
turned ON by a opening ignition signal (pulse) S2. 

The coil 52 is used for forming an LC oscilla- 
tion circuit Therefore, when the thyristor 51 is 
turned ON, an LC oscillation circuit is formed by 
the condenser 4, the coil 52, and the piezoelectric 
element 117, thereby enhancing the reduction of 
the voltage of the condenser 4 and the increase of 
the voltage of the piezoelectric element 117. There- 
after, the thyristor 51 is turned OFF by natural 
commutation. As a result, the charged voltage of 
the piezoelectric element 117 is higher than the 
voltage 300 V of the condenser 4; for example, is 
600 V. 

The coil 62 is also used for forming an LC 
oscillation circuit. Therefore, when the thyristor 61 
is turned ON, an LC oscillation circuit is formed by 
the coil 62 and the piezoelectric element 5, thereby 
enhancing the reduction of the voltage of the piezo- 
electric element 117. Thereafter, the thyristor 61 is 
turned OFF by natural commutation. As a result, 
the discharged voltage of the piezoelectric element 
117 becomes lower than the earth voltage (0V), for 
example, is -200 V. 

Reference 7 designates a voltage gradually- 
decreasing circuit which includes a Zener diode 71 , 
a reverse current avoiding diode 72, and a resistor 
73 for delaying a current flowing through the Zener 
diode 71 . 

The operation of the circuit of Fig. 7 will be 
explained with reference to Fogs. 8A through 8D, 
and Figs. 9A, 9B, and 9C. 

In the high DC frequency generating circuit 3, 
the transistor 33 is turned ON and OFF by the 
pulse signal of the high frequency oscillation circuit 
31 , a primary current flows through the primary coif 
of the step-up transformer 32 when the transistor 
33 is turned ON, and accordingly, magnetic flux 
energy is accumulated in the core of the trans- 
former. Next when the transistor 33 is changed 
from an ON state to an OFF state, the above- 
mentioned accumulated magnetic flux energy ap- 
pears as a generated voltage, such as 300 V, in the 
secondary coil of the step-up transformer 32 in 
accordance with Faraday's law. When the pulse 
duration of the pulse signal of the high frequency 
oscillation circuit 31 is definite, this generated volt- 
age is definite. This generated voltage is accu- 
mulated via the diode 34 in the condenser 4, and 
after a certain time has passed, the voltage of the 
condenser 4 becomes equal to the generated volt- 
age 300 V of the secondary coil of the step-up 
transformer 32. At this time, the amount Q of 
charges accumulated at the condenser 4 (capaci- 



tance C) is 

Q = C x 300 V. 

5 At this time, or at a subsequent predetermined 
timing, the CPU (not shown) generates a closing 
signal Si and the thyristor 51 is turned ON, where- 
by an LC oscillation circuit is formed by the con- 
denser 4, the coil 52, and the piezoelectric element 
10 117. Therefore, charges accumulated in the con- 
denser 4 are moved to the piezoelectric element 
117, to charge same. In this case, due to the 
presence of the above-mentioned LC oscillation 
circuit, the terminal voltage V PZT of the piezoe lee- 
rs trie element 117 becomes higher than the final 
voltage of the condenser 4, as shown in Fig. 8C 
and becomes, for example, 600 V, and thereafter 
the thyristor 51 is turned ON by natural com- 
mutation. 

20 When the terminal voltage Vpzr of the piezo- 

electric element 117 is 600 V so that fuel is com- 
pletely leaked, the state of the fuel injection ap- 
paratus of Fig. 1 is illustrated in Fig. 9A, and the 
volume Vo of the pressure chamber 113 is smaller 

25 than the volume ^ of Fig. 2A, Namely, if there is 
no leakage of fuel during an opening time, the 
volume vS of the pressure chamber 113 in a clos- 
ing state of Fig. 9B is about the same as the 
volume V 2 of the pressure chamber 113 in an 

30 opening state of Fig. 9C, i.e., 

Vi ^ V 2 

Therefore, at a closing initial stage, the volume of 

35 the pressure chamber 113 is about the same as 
the volume V1 at an end timing of an closing stage, 
but . the volume V will become equal to V1 , thus 
creating a large closing force. That is, the dif- 
ference between the applied voltage + 500 V at an 

40 end timing of a closing state and the applied volt- 
age + 600 V at an initial stage of an closing state, 
generates a large closing force at the needle 103. 

As explained above, charges accumulated in 
the piezoelectric element 117 are gradually dis- 

45 charged by the voltage gradually-decreasing circuit 
7, Namely, the terminal voltage V Pzr of the piezo- 
electric element 117 is gradually reduced from 
+ 600 V to +500 V, depending upon a time con- 
stant determined by the circuit 7 and the piezo- 

50 electric element 117, and thereafter, this voltage 
becomes stable. Therefore, when the terminal volt- 
age V PZT is + 500 V, P-, = P 2 . Also, since the 
volume V of the pressure chamber 113 is almost 
V1 , a subsequent application of +600 V can again 

55 generate a large closing force. 

When the terminal voltage V PZT of the piezo- 
electric element 117 becomes 500 V, the fuel injec- 
tion apparatus of Fig. 1 becomes in a state as 
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shown in Fig. 9B (Fig. 2A), i.e., Pi = P 2 , but the 
closing force of the needle 103 is maintained as 
explained above. 

In the above-mentioned state, after a predeter- 
mined time has passed, when the CPU generates 5 
opening ignition signal S2 , the thyristor 61 is 
turned ON, so that an LC oscillation circuit is 
formed by the piezoelectric element 117 and the 
coil 62, and thus charges accumulated in the pi- 
ezoelectric element 117 are discharged. In this 10 
case, due to the presence of the above-mentioned 
LC oscillation circuit, the terminal voltage V PZT of 
the piezoelectric element 117 becomes lower than 
0 V, for example, becomes -200 V, and thereafter 
the thyristor 61 is turned ON by natural com- 15 
mutation. 

As a result, the injection apparatus of Fig. 1 
becomes in a state as shown in Fig. 9C (which is 
the same, as Fig. 2B). 

Namely, the displacement of the piezoelectric 20 
element 117 is L at a final stage of a closing state, 
compared with an opening state, and at an initial 
stage of a closing state, this displacement will 
become L + AL, which increases the closing force 
at the needle 103. 2 s 

Thus, by the circuit of Fig. 7, since the volume 
of the pressure chamber 117 will be increased at 
an initial stage of a charging state, the closing force 
at the needle 103 is increased. Note that only the 
voltage gradually-decreasing circuit 7 is added, and 30 
the signals Si and S 2 for controlling the circuit of 
Fig. 7 are generated in the same manner as in the 
prior art driving apparatus not provided with the 
circuit 7, 

Figure 10 shows a modification of Fig. 3, in 35 
which the voltage gradually-decreasing circuit 7 is 
modified. That is, in Fig. 10, a voltage gradually- 
decreasing circuit 7' is connected between a posi- 
tive-potential-side terminal of the condenser 4 and 
a positive-potential side terminal of the piezoelec- 40 
trie element 117, and thus the discharging energy 
of the terminal voltage V PZT of the piezoelectric 
element 117 from +600 V to +500 V is regener- 
ated at the condenser 4 as a DC high power 
supply source. This is advantageous from the point 45 
of a consumption of power, compared with the 
circuit of Fig. 7. 

In Fig. 11, which illustrates a second embodi- 
ment of the driving apparatus of a piezoelectric 
element according to the present invention, it is so 
assumed that, when the piezoelectric element 117 
is discharged, the element 117 is expanded to 
carry out a valve closing operation, as in Japanese 
Utility Model Publication No. 63-24362. Namely, 
instead of the voltage gradually-decreasing circuit 7 55 
of Fig. 7, there is provided a voltage gradually- 
increasing circuit 8 which includes a Zener diode 
81, a reverse current avoiding diode 82, and a 



resistor 83 for delaying a current flowing through 
the Zener diode 81, and the closing pulse S, is 
applied to the thyristor 61, and the opening pulse 
S 2 is applied to the thyristor 51. 

In Fig. 11, when the thyristor 51 of the chang- 
ing circuit 5 is turned ON, an LC oscillation circuit 
is formed by the condenser 4, the piezoelectric 
element 117, and the coil 52, thereby increasing 
the voltage V P2T of the piezoelectric element 117 at 
+ 500 V, and when the thyristor 61 is turned ON, 
an LC oscillation circuit is formed by tie piezoelec- 
tric element 117 and the coil 62, to reduce the 
voltage V PZT of the piezoelectric element 117 at 
-300 V. Further, the Zener voltage of the Zener 
diode 81 of the voltage charging circuit 8 is 200 V. 

The operation of the circuit of Fig. 11 will be 
explained with reference to Figs. 12A through 12D. 

Where the terminal voltage V PZT of the piezo- 
electric element 117 is 500 V, when the CPU 
generates a closing ignition signal Si , the thyristor 
61 is turned ON, an LC oscillation circuit is formed 
by the piezoelectric element 117 and the coil 62, 
and thus charges accumulated in the piezoelectric 
element 117 are discharged. In this case, as shown 
in Fig. 12C, due to the presence of the above- 
mentioned LC oscillation circuit, the terminal volt- 
age Vpzr of the piezoelectric element 117 becomes 
lower than 0 V, for example, becomes -300 V, and 
thereafter, the thyristor 61 is turned ON by natural 
commutation. When the terminal voltage V PZT of 
the piezoelectric element 5 is -300 V so that fuel is 
completely leaked, the state of the fuel injection 
apparatus of Fig. 1 is illustrated in Fig. 9A, and the 
volume V*o of the pressure chamber 113 is smaller 
than the volume V! of Fig. 2A. That is, if there is 
no leakage of fuel, during an opening time, the 
volume Vi of the pressure chamber 113 in a clos- 
ing state of Fig. 9B is about the same as the 
volume V 2 of the pressure chamber 113 in an 
opening state of Fig. 9C, i.e., 

Vt - V 2 

Therefore, at a closing initial stage, the volume of 
the pressure chamber 113 is about the same as 
the volume Vi at an end timing of a closing stage, 
but the volume V is going will become equal to Vi 
(Fig. 9A), thus creating a large closing force at the 
needle 103. That is the difference the between, 
applied voltage -300 V at an end timing of a 
closing state and the applied voltage -200 V at an 
initial state of a closing state generates a large 
closing force at the needle 103. 

As explained above, negative charges accu- 
mulated in the piezoelectric element 117 are 
gradually discharged by the voltage gradually-in- 
creasing circuit 8. Namely, the terminal voltage 
V P2T of the piezoelectric element 117 is gradually 
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increased from -300 V to -200 V depending upon a 
time constant determined by the circuit 8 and the 
piezoelectric element 117, and thereafter, this volt- 
age becomes stable. Therefore, when the terminal 
voltage Vprr is -200 V, P^ & P 2 . Also, since the 
volume V of the pressure chamber 113 is almost 
Vi , a next application of -300 V can again gen- 
erate a large closing force. 

When the terminal voltage V PZT of the piezo- 
electric element 1 1 7 becomes -200 V, the injection 
apparatus of Fig. 1 becomes in a state as shown in 
Fig, 9B, i.e., Pi = P 2 , but the closing force at the 
needle 103 is maintained as explained above, 

In the above-mentioned state, after a predeter- 
mined time has passed, the CPU generates an 
opening signal S 2 , the thyristor 51 is turned ON, 
and thus an LC oscillation circuit is formed by the 
condenser 4, the coil 52, and the piezoelectric 
element 117, charge the piezoelectric element. In 
this case, due to the presence of the above-men- 
tioned LC oscillation circuit, the terminal voltage 
Vpzr of the piezoelectric element 117 becomes 
higher than 300 V, as shown in Fig. 12D, and 
becomes, for example, 300 V, and thereafter, the 
thyristor 51 is turned ON by natural commutation. 

As a result, the injection valve becomes in a 
state as shown in Fig. 9C (which is the same as 
Fig. 2B). 

Therefore, in the same way as in the first 
embodiment, the displacement of the piezoelectric 
element 117 is L at a final stage of a closing state 
(compared with an opening state), and at an initial 
stage of a closing state, this displacement will 
become L + AL, which increases the closing force 
at the needle 103. Note that only the voltage 
gradually-increasing circuit 8 is added, and the 
signals Si and S 2 for controlling the circuit of Fig. 
11 are generated in the same manner as in the 
prior art driving apparatus not provided with the 
circuit 8. 

As explained above, according to the present 
invention, the closing force at the needle (valve 
member) can be increased at an initial stage of a 
closing state, thereby avoiding the ascent of the 
valve member due to pressure wave by a water 
pulsive operation or the like, and avoiding a secon- 
dary injection when the present invention is applied 
to a fuel injection apparatus. 

Claims 

1. An apparatus for driving a piezoelectric ele- 
ment (117) to expand and contract a volume of 
a pressure chamber (1 1 3) which is linked via a 
clearance (112) of a valve member (103) to a 
controlled liquid passage (109), to thereby 
close and open said valve member, compris- 
ing: 



a high DC voltage generating means (1, 2, 
3, 4); 

a charging switching means (5), connected 
to said high DC voltage generating means and 

5 said piezoelectric element, for charging said 

piezoelectric element by a high voltage of said 
high DC voltage generating means to apply a 
first predetermined voltage to said piezoelec- 
tric element, to thereby close said valve mem- 

10 ber; 

a voltage gradually-decreasing means (7, 
7'), connected to said piezoelectric element, 
for gradually decreasing a voltage of said pi- 
ezoelectric element from said first predeter- 
rs mined voltage to a second predetermined volt- 

age lower than said first predetermined volt- 
age; and 

a discharging switching means (6), con- 
nected to said piezoelectric element, for dis- 
20 charging charges accumulated in said piezo- 

electric element, to thereby open said valve 
member. 

2. An apparatus as set forth in claim 1 , wherein a 
25 voltage decreasing operation of said voltage 

gradually-decreasing means is carried out 
within an initial stage of a closing state of said 
valve member and is complete before an 
opening state thereof. 

30 

3. An apparatus as set forth in claim 1, wherein 
said voltage gradually-decreasing means com- 
prises: 

a constant voltage means (71, 71') which 
35 is turned ON when the voltage of said piezo- 

electric element is higher than said second 
predetermined voltage; and 

a delay means (73, 73% connected to said 
constant voltage means, for delaying a current 
40 flowing through said constant voltage means. 

4. An apparatus as set forth in claim 1, wherein 
said voltage gradually-decreasing means is 
connected to said high DC voltage generating 

45 means, thereby regenerating charges accumu- 

lated in said piezoelectric element in said high 
DC voltage generating means. 

5. An apparatus as set forth in claim 3, wherein 
so said constant voltage means comprises a 

Zener diode. 

6. An apparatus as set forth in claim 3, wherein 
said delay means comprises a resistor. 

55 

7. An apparatus as set forth in claim 1, wherein 
said high DC voltage generating means com- 
prises: 
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a battery (1); 

a DC/DC converter (3), connected to said 
battery, for generating a DC output; and 

a condenser (4), connected to said DC/DC 
converter, for accumulating the DC output 5 
thereof. 

8. An apparatus as set forth in claim 7, wherein 
said charging switching means comprises: 

a charging thyristor (51) and a coil (52) 10 
connected in series between said condenser 
and said piezoelectric element, 

an LC oscillation circuit being formed by 
said condenser, said coil, and said piezoelec- 
tric element, to charge said piezoelectric ele- 15 
ment, to thereby generate said first predeter- 
mined voltage, when said charging thyristor is 
turned ON by a closing signal (Si). 

9. An apparatus as set forth in claim 1, wherein 20 
said discharging switching means comprises: 

a discharging thyristor (61) and a coil (62) 
connected in series and connected in parallel 
with said piezoelectric element, 

an LC oscillation circuit being formed by 25 
said coil and said piezoelectric element, to 
discharge the charges accumulated therein 
when said discharging thyristor is turned ON 
by an opening signal (S 2 ). 

30 

10. An apparatus for driving a piezoelectric ele- 
ment (117) to expand and contract a volume of 
a pressure chamber (113) which is linked via a 
clearance (112) of a vafve member (103) to a 
controlled liquid passage (109), to thereby 35 
close and open said valve member, compris- 
ing: 

a high DC voltage generating means (1 , 2, 
3, 4); 

a charging switching means (5), connected 40 
to said high DC voltage generating means and 
said piezoelectric element, for charging said 
piezoelectric element by a high voltage of said 
high DC voltage generating means, to thereby 
open said valve member; 45 

a discharging switching means (6), con- 
nected to said piezoelectric element, for dis- 
charging charges accumulated in said piezo- 
electric element to apply a first predetermined 
voltage to said piezoelectric element, to there- 50 
by close said valve member; and 

a voltage gradually-increasing means (8), 
connected to said piezoelectric element, for 
gradually increasing a voltage of said piezo- 
electric element from said first predetermined ss 
voltage to a second predetermined voltage 
higher than said first predetermined voltage. 



11. An apparatus as set forth in claim 10, wherein 
a voltage increasing operation of said voltage 
gradually-increasing means is carried out with- 
in an initial stage of a closing state of said 
valve member and is complete before an 
opening state thereof. 

12. An apparatus as set forth in claim 10, wherein 
said voltage gradually-increasing means com- 
prises: 

a constant voltage means (81) which is 
turned ON when the voltage of said piezoelec- 
tric element is lower than said second pre- 
determined voltage; and 

a delay means (83), connected to said 
constant voltage means, for delaying a current 
flowing through said constant voltage means. 

13- An apparatus as set forth in claim 12, wherein 
said constant voltage means comprises a 
Zener diode. 

14. An apparatus as set forth in claim 12, wherein 
said delay means comprises a resistor. 

15. An apparatus as set forth in claim 12, wherein 
said high DC voltage generating means com- 
prises: 

a battery (1); 

a DC/DC converter (3), connected to said 
battery, for generating a DC output; and 

a condenser (4), connected to said DC/DC 
converter, for accumulating the DC output 
thereof. 

16. An apparatus as set forth in claim 15, wherein 
said charging switching means comprises: 

a charging thyristor (51) and a coil (52) 
connected in series between said condenser 
and said piezoelectric element, 

an LC oscillation circuit being formed by 
said condenser, said coil, and said piezoelec- 
tric element to change said piezoelectric ele- 
ment, when said charging thyristor is turned 
ON by a opening signal (S2). 

17. An apparatus as set forth in claim 10, wherein 
said discharging switching means comprises: 

a discharging thyristor (61) and a coil (62) 
connected in series and connected in parallel 
with said piezoelectric element, 

an LC oscillation circuit being formed by 
said coil and said piezoelectric element, to 
discharge the charges accumulated therein, to 
thereby apply said first predetermined voltage 
to said piezoelectric element, when said dis- 
charging thyristor is turned ON by a closing 
signal (Si). 
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Patentanspruche 

1. Einrichtung zur Ansteuerung eines piezoelektri- 
schen Elements (117) zum Vergroftern und 
Verkleinern des Volumens einer tiber einen s 
lichten Abstand (112) eines Ventilglieds (103) 
mit einem gesteuerten RussigkeitsdurchlaB 
(109) verbundenen Druckkammer (113) zum 
Offnen und SchlieBen des Ventilglieds, mit: 
einer Gleich-Hochspannungs-Erzeugungsein- io 
richtung (1 , 2, 3, 4); 

einer mit der Gleich-Hochspannungs-Erzeu- 
gungseinrichtung ojnd dem piezoelektrischen 
Element verbundenen Lade-Schalt-Einrichtung 
(5) zum Laden des piezoelektrischen Elements 75 
durch eine Hochspannung der Hochspan- 
nungs-Erzeugungs-Einrichtung, und Anlegen 
einer ersten vorbestimmten Spannung an das 
piezoelektrische Element zum Schlieflen des 
Ventilglieds; 2 o 
einer mit dem piezoelektrischen Element ver- 
bundenen, eine Spannung allmahlich vermin- 
dernden Einrichtung (7, T) zur allmahlichen 
Verringerung der Spannung des piezoelektri- 
schen Elements von der ersten vorbestimmten 25 
Spannung auf eine zweite vorbestimmte Span- 
nung, die niedriger als die erste Spannung ist; 
und 

einer mit dem piezoelektrischen Element ver- 
bundenen Entlade-Schalt-Einrichtung (6), zur 30 
Entladung der im piezoelektrischen Element 
akkumulierten Ladungen zum 6ffnen des Ven- 
tilglieds. 

2. Einrichtung nach Anspruch 1, bei der die span- 35 
nungsverringernde Funktion der eine Span- 
nung allmahlich vermindernden Einrichtung 
wahrend eines Anfangsstadiums eines ScblieS- 
zustands des Ventilglieds ausgefOhrt und vor 
einem Offnungszustand abgeschlossen wird. 40 

3. Einrichtung nach Anspruch 1, bei der die eine 
Spannung allmahlich vermindernde Einrichtung 
umfaflt; 

eine Konstantspannungseinrichtung (71 , 71'), 45 
die EIN geschaltet wird, wenn die Spannung 
des piezoelektrischen Elements hoher ist als 
die zweite vorbestimmte Spannung; und 
eine mit der Konstantspannungseinrichtung 
verbundene Verzogerungseinrichtung (73, 73') 50 
zum Verzdgern des durch die Konstantspan- 
nungseinrichtung flieflenden Stroms. 

4. Einrichtung nach Anspruch 1, bei der die eine 
Spannung allmahlich vermindernde Einrichtung 55 
mit der Gleich-Hochspannungs-Erzeugungsein- 
richtung verbunden ist, wodurch die im piezo- 
elektrischen Element akkumulierten Ladungen 



in der Gleich-Hochspannungs-Erzeugungsein- 
richtung zurUckgewonnen werden. 

5. Einrichtung nach Anspruch 3, bei der die Kon- 
stantspannungseinrichtung eine Zener-Diode 
aufweist. 

6. Einrichtung nach Anspruch 3, bei der die Ver- 
zogerungseinrichtung einen Widerstand auf- 
weist, 

7. Einrichtung nach Anspruch 1, bei der die 
Gleich-Hochspannungs-Erzeugungseinrichtung 
umfaBt: 

eine Batterie (1); 

einen an die Batterie angeschlossenen Gleich- 
spannungswandler (3) zum Erzeugen einer 
Ausgangs-Gleichspannung, und 
einen an den Gleichspannungswandler ange- 
schlossenen Kondensator (4) zum Akkumulie- 
ren dieser Ausgangs-Gleichspannung. 

8. Einrichtung nach Anspruch 7, bei der die Lade- 
Schalt-Einrichtung umfaBt: 

eine zwischen den Kondensator und das piezo- 
elektrische Element geschaltete Serienschal- 
tung eines Lade-Thyristors (51) und einer Spu- 
le (52), 

einen durch den Kondensator, die Spule und 
das piezoelektrische Element gebildeten LC- 
Schwingkreis zum Laden des piezoelektrischen 
Elements und Erzeugen der ersten vorbe- 
stimmten Spannung, wenn der Lade-Thyristor 
durch ein schlieflendes Signal (Si) durchge- 
schaltet wird. 

9. Einrichtung nach Anspruch 1, bei der die Ent- 
lade-Schalt-Einrichtung umfaBt: 

eine dem piezoelektrischen Element parallel 
geschaltete Serienschaltung eines Entlade- 
Thyristors (61) und einer Spule (62), 
einen durch die Spule und das piezoelektri- 
sche Element gebildeten LC-Schwingkreis, 
zum Eritladen der im piezoelektrischen Ele- 
ment akkumulierten Ladungen, wenn der Entla- 
de-Thyristor durch ein offnendes Signal (S 2 ) 
durchgeschaltet wird. 

10. Einrichtung zur Ansteuerung eines piezoelektri- 
schen Elements (117) zum Vergrofiern und 
Verkleinern des Volumens einer uber einen 
lichten Abstand (112) eines Ventilglieds (103) 
mit einem gesteuerten FIQssigkeitsdurchlaB 
(109) verbundenen Druckkammer (113) zum 
Offnen und Schliefien des Ventilglieds, mit: 
einer Gletch-Hochspannungs-Erzeugungsein- 
richtung (1, 2, 3, 4); einer mit der Gleich- 
Hochspannungs-Erzeugungseinrlchtung und 
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dem piezoelektrischen Element verbundenen 
Lade-Schalt-Einrichtung (5), 2um Laden des 
piezoelektrischen Elements durch eine Hoch- 
spannung der Hochspannungs-Erzeugungs- 
Einrichtung und Offnen des Ventilglieds; 5 
einer mit dem piezoelektrischen Element ver- 
bundenen Entlade-Schalt-Einrichtung (6), zur 
Entladung von im piezoelektrischen Element 
akkumulierten Ladungen und Anlegen einer er- 
sten vorbestimmten Spannung an das piezo- 10 
eiektrische Element zum SchlieGen des Ventil- 
glieds; und 

einer mit dem piezoelektrischen Element ver- 
bundenen, eine Spannung allmahlich erhdhen- 
den Einrichtung (8) zum allmShlichen Erhohen 15 
der Spannung des piezoelektrischen Elements 
von der ersten vorbestimmten Spannung auf 
. eine zweite vorbestimmte Spannung, die hdher 
als die erste Spannung ist. 

20 

11. Einrichtung nach Anspruch 10, bei der die 
spannungserho'hende Funktion der eine Span- 
nung allmahlich erhohenden Einrichtung wah- 
rend eines Anfangsstadiums eines Schliefizu- 
stands des Ventilglieds ausgefUhrt wird, und 25 
vor dem Offnungszustand abgeschlossen wird. 

12. Einrichtung nach Anspruch 10, bei der die eine 
Spannung allmahlich erhohende Einrichtung 
umfaSt; 30 
eine Konstantspannungseinrichtung (81), die 

EIN geschaltet wird, wenn die Spannung des 
piezoelektrischen Elements niedriger ist als die 
zweite vorbestimmte Spannung; und 
eine mit der Konstantspannungseinrichtung 35 
verbundene Verzogerungseinrichtung (83) zum 
Verzogern des durch die Konstantspannungs- 
einrichtung flieflenden Stroms. 

13. Einrichtung nach Anspruch 12, bei der die 40 
Konstantspannungseinrichtung eine Zener-Dio- 

de aufweist 

14. Einrichtung nach Anspruch 12, bei der die 
Verzogerungseinrichtung einen Widerstand 45 
aufweist 

15. Einrichtung nach Anspruch 12, bei der die 

Gleich-Hochspannungs-Erzeugungseinrichtung 
umfaSt: 50 
eine Batterie (1 ); 

einen an die Batterie angeschlossenen Gleicn- 
spannungswandler (3) zum Erzeugen einer 
Ausgangs-Gleichspannung, und 
einen an den Gleichspannungswandler ange- 55 
schlossenen Kondensator (4) zum Akkurnulie- 
ren dieser Ausgangs-GIeichspannung. 



16. Einrichtung nach Anspruch 15, bei der die 
Lade-Schalt-Einrichtung umfaflt: 

eine zwischen den Kondensator und das piezo- 
elektrische Element geschaltete Serienschal- 
tung eines Lade-Thyristors (51) und einer Spu- 
le (52), 

einen durch den Kondensator, die Spule und 
das piezoelektrische Element gebildeten LC- 
Schwingkreis zum Laden des piezoelektrischen 
Elements, wenn der Lade-Thyristor durch eln 
Sffnendes Signal (S 2 ) durchgeschaltet wird. 

17. Einrichtung nach Anspruch 10, bei, der die 
Entlade-Schalt-Einrichtung umfaBt: 

eine dem piezoelektrischen Element parallel 
geschaltete Serienschaltung eines Entlade- 
Thyristors (61) und einer Spule (62), 
einen durch die Spule und das piezoelektri- 
sche Element gebildeten LC-Schwingkreis, 
zum Entladen des piezoelektrischen Elements 
und Anlegen der ersten vorbestimmten Span- 
nung an das piezoelektrische Element, wenn 
der Entlade-Thyristor durch ein schlieflendes 
Signal (Si) durchgeschaltet wird. 

Revendications 

1. Dispositif pour commander un foment piezoe- 
lectrique (117) pour dilater et contracter le 
volume d'une chambre de pression (113) qui 
est reliee via un espace libre (112) d'un ele- 
ment de soupape (103) a un passage de liqui- 
de controle, pour former et ouvrir ainsi cet 
element de soupape, comprenant: 

- des moyens (1 , 2, 3, 4) de generation de 
haute tension en courant continu; 

- un moyen de commutation de charge (5) 
connect©* a ces moyens de generation 
de haute tension en courant continu et a 
cet element piezoelectrique, pour la 
charge de cet element piezoelectrique 
par une haute tension provenant de ces 
moyens de generation de haute tension 
en courant continu pour appliquer une 
premiere tension predetermined a cet 
element piezoelectrique, pour fermer ain- 
si cet element de soupape; 

- un moyen (7, 7') diminuant progressive- 
ment la tension, connecte a cet element 
piezoelectrique, pour diminuer progressi- 
vement la tension de cet element piezoe- 
lectrique depuis cette premiere tension 
predetermines jusqu'a une seconde ten- 
sion predeterminee inferieure a cette 
premiere tension predeterminee; et 

- un moyen de commutation de decharge 
(6) connecte a cet element piezoelectri- 
que, pour decharger des charges ac- 
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cumulees dans cet element piezoelectri- 
que, pour ouvrir ainsi cet Element de 
soupape. 

2. Dispositif suivant la revendication 1, dans le- s 
quel une operation de diminution de la tension 

par ce moyen diminuant progressivement la 
tension est conduite au cours d'un stade initial 
d'une phase de fermeture de cet element de 
soupape et est terminee avant une phase d'ou- to 
verture de celui-ci. 

3. Dispositif suivant la revendication 1, dans le- 
quel ce moyen diminuant progressivement la 
tension comprend: 75 

- des moyens de maintien d'une tension 
constante (71 , 71 ') qui sont mis en fonc- 
tion lorsque la tension de cet element 
piezoelectrique est superieure a cette se- 
conde tension predeterminee, et 20 

- des moyens de retard (73, 73') connec- 
ts a ces moyens de maintien de tension 
constante, pour retarder le passage d'un 
courant a travers ce moyen de maintien 

de tension constante. 25 

4. Dispositif suivant ia revendication 1, dans le- 
quel ce moyen diminuant progressivement la 
tension est connecte a ce moyen de g^neVa- 
tion de haute tension en courant continu, de 30 
fagon a r^generer des charges accumulees 
dans cet element piezoelectrique par ces 
moyens de generation de haute tension en 
courant continu. 

35 

Dispositif suivant la revendication 3, dans le- 
quel ce moyen de maintien de tension 
constante comprend une diode Zener. 

. Dispositif suivant la revendication 3, dans le- 40 
quel ces moyens do retard comprennent une 
resistance. 

. Dispositif suivant la revendication 1, dans le- 
quel ces moyens de generation de haute ten- 45 
sion en courant continu comprennent: 

- un accumulates (1); 

- un convertisseur DC/DC (3) raccorde a 
cet accumulates, pour generer une sor- 
tie en courant continu; et 50 

- un condensateur (4), connecte" a ce 
convertisseur DC/DC pour accumuler la 
sortie en courant continu de celui-ci. 

Dispositif suivant la revendication 7, dans le- 55 
quel ce moyen de commutation de charge 
comprend: 



- un thyristor de charge (51) et une bobine 
(52) connected en seVie entre ce conden- 
sateur et cet element piezoelectrique; 

- un circuit d'oscillation LC etant forme par 
ce condensateur, cette bobine et cet Ele- 
ment piezoelectrique pour charger cet 
element piezoelectrique et pour generer 
ainsi cette premiere tension predetermi- 
nee, lorsque ce thyristor de charge est 
mis en fo notion par un signal de fermetu- 
re (St)- 

9. Dispositif suivant la revendication 1, dans ie- 
quel ce moyen de commutation de decharge 
comprend: 

- un thyristor de decharge (61) et une bo- 
bine (62) connected en seVie et connec- 
ts en parallele avec cet element piezoe- 
lectrique; 

- un circuit d'oscillation LC etant forme par 
cette bobine et cet element piezoelectri- 
que pour decharger les charges qui y 
sont accumulees lorsque ce thyristor de 
decharge est mis en fonction par un si- 
gnal d'ouverture (S2). 

10. Dispositif pour commander un element piezoe- 
lectrique (117) pour dilater et contracter le 
volume d f une chambre de pression (113) qui 
est reliee via un espace fibre (112) d'un ele- 
ment de soupape (103) a un passage de liqui- 
de controle (109), pour fermer et ouvrir ainsi 
cet element de soupape, comprenant: 

- des moyens (1, 2, 3, 4) de generation de 
haute tension en courant continu; 

- un moyen de commutation de charge (5) 
connecte a ce moyen de generation de 
haute tension en courant continu et a cet 
element piezoelectrique, pour la charge 
de cet element piezoelectrique par une 
haute tension provenant de ces moyens 
de generation de haute tension en cou- 
rant continu, pour ouvrir ainsi cet ele- 
ment de soupape; 

- un moyen de commutation de decharge 
(6) connecte a cet element piezoelectri- 
que, pour decharger des charges ac- 
cumulees dans cet element piezoelectri- 
que pour appliquer une premiere tension 
predeterminee a cet element piezoelec- 
trique aftn de fermer ainsi cet element de 
soupape; et 

- un moyen (8) augmentant progressive- 
ment la tension connecte a cet element 
piezoelectrique pour augmenter progres- 
sivement la tension de cet element pie- 
zoelectrique depuis cette premiere ten- 
sion predeterminee jusqu'a une seconde 



12 



23 



EP 0 379 182 B1 



24 



tension predetermine superieure a cette 
premiere tension preddterminee. 

11. Dispositif suivant la revendication 10, dans le- 
quel une operation d'augmentation de tension 
par ce moyen augmentant progress! vement la 
tension est conduite au cours d'un stade initial 
d'une phase de fermeture de cet element de 
soupape et est terminer avant une phase d'ou- 
verture de celui-ci 

12. Dispositif suivant la revendication 10, dans le- 
quel ce moyen augmentant progressivernent la 
tension comprend: 

- un moyen de maintien de tension 
constante (81) qui est mis en fonction 
lorsque la tension de cet element pigzoe- 
lectrtque est inferieure a celle de cette 
seconds tension predetermines, et 

- un moyen de retard (83) connecte a ce 
moyen de maintien de tension constante, 
pour retarder le passage du courant a 
travers ce moyen de maintien de tension 
constante. 

13. Dispositif suivant la revendication 12, dans le- 
quel ce moyen de maintien de tension 
constante comprend une diode Zener. 

14. Dispositif suivant la revendication 12, dans le- 
quel ce moyen de retard comprend une resis- 
tance. 
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17. Dispositif suivant la revendication 10, dans le- 
quel ce moyen de commutation de decharge 
comprend: 

- un thyristor de decharge (61) et une bo- 
bine (62) connected en serie et connec- 
ts en paralleie avec cet element piezotl- 
lectrique; 

- un circuit d'oscillation LC etant forme par 
cette bobfne et cet Sldment piezo^lectri- 
que pour d^charger les charges qui y 
sont accumulees de fagon a appliquer 
cette premiere tension predetermines a 
cet element pidzoelectrique, lorsque ce 
thyristor de decharge est mis en fonction 
par un signal de fermeture (Si ). 



15. Dispositif suivant la revendication 12, dans le- 
quel ce moyen de generation de haute tension 35 
en courant continu comprend: 

- un accumulateur (1); 

- un convertisseur DC/DC (3) raccorde a 
cet accumulateur, pour generer une sor- 
tie en courant continu; et 40 

- un condensateur (4), connecte a ce 
convertisseur DC/DC pour accumuler la 
sortie en courant continu de celui-ci. 

16. Dispositif suivant la revendication 15, dans le- 45 
quel ce moyen de commutation de charge 
comprend: 

- un thyristor de charge (51) et une bobine 
(52) connectes en serie entre ce conden- 
sateur et cet element ptezoelectrique; so 

- un circuit d'oscillation LC dtant forme par 
ce condensateur, cette bobine, et cet 
element piezoelectrique, pour charger 
cet element piezoelectrique, lorsque ce 
thyristor de charge est mis en fonction 55 
par un signal d'ouverture (S 2 ). 
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